The Escherichia coil heat-stable enterotoxin, STIb was prepared by solid-phase peptide synthesis and purified to homogeneity by high-pressure liquid chromatography. This analogue was iodinated and shown to bind specifically to rat intestinal membranes. The radiolabeled peptide was derivatized at the amino terminus with the photoreactive heterobifunctional crosslinking agent N-hydroxysuccinimidyl p-benzoylbenzoate. This photoreactive probe also exhibited binding specificity. It was mixed with rat intestinal brush border membranes and photolyzed in the presence or absence of excess unlabeled STIb. Polyacrylamide gel electrophoresis performed in the presence of sodium dodecyl sulfate and 2-mercaptoethanol indicated that the peptide probe was crosslinked specifically to two molecular species of 57 and 75 kDa. One or both of these molecules appear to constitute the enterotoxin receptor or to be in close proximity to it.
Diarrhea is a life-threatening dehydrating illness of malnourished children in developing countries. Enterotoxigenic Escherichia coli strains are a major cause of diarrhea and elaborate at least three classes of enterotoxins that differ widely in their mechanism of action. One of these toxins, abbreviated LT, is a heat-labile cholera-like toxin that activates intestinal adenylate cyclase through the ADP-ribosylation of one of the cyclase regulatory subunits (1) . The two remaining classes of enterotoxins are nonhomologous low molecular weight peptides termed STI (or STa) and STII (or STb) (2) (3) (4) (5) (6) . STI activity is assayed in suckling mice (7) , whereas STH activity is monitored in weaned-pig intestinal loops (8, 9) . The mode of action of STII is unknown (10) . STI activates a membranebound intestinal guanylate cyclase (11) (12) (13) (14) (15) . The subsequent elevation of intracellular cGMP leads to a profound secretory diarrhea. STI enterotoxins from human, bovine, and porcine enterotoxigenic E. coli strains have been purified and sequenced (4) (5) (6) (16) (17) (18) . Although their N-terminal amino acid sequences are heterogeneous, the enterotoxic domain is confined to a highly conserved C-terminal segment of 13 amino acids (ref. 19 ; unpublished results). Recently, a detergentsolubilized brush border protein has been reported to bind radiolabeled STI (20) . We have synthesized a 19-amino acid enterotoxic analogue of STI, termed STIb (5, 6) (see Fig. 2 ) and report in this communication the design of a photoreactive radiolabeled derivative of this analogue that was used to specifically crosslink two rat intestinal brush border membrane molecules that may constitute the STI toxin receptor. (27) . The cells were suspended in 20 ml of 20 -E CO 0) C 0 strokes, type B pestle). The homogenate was then centrifuged at 55,000 x g for 20 min to remove cytosolic components. The pellet was suspended in 20 ml of 20 mM Tris/250 mM sucrose/1 mM EDTA/12.5 mM NaCl, pH 7.0 and rehomogenized (Dounce; 15 strokes; type B pestle). The homogenate was centrifuged at 1400 x g for 10 min to produce a microsomal supernatant (Sj) and a partially purified brush border pellet (P1). The P1 pellet was resuspended in 15 ml of 10 mM Tris/50 mM mannitol, pH 7.0 and was rehomogenized with two 30-sec bursts of a Polytron homogenizer (Brinkmann) set at position 4. Calcium chloride (100 mM in the above buffer) was then added to the homogenate to a final concentration of 10 mM. The mixture was stirred for 3 hr at 4°C and centrifuged at 2000 x g for 10 min to remove the aggregated non-brush-border membranes. The resulting supernatant was then centrifuged at 20,000 x g for 20 min to pellet the brush border membranes. Samples of P1 and brush border membranes were resuspended in PBS and kept frozen at -20°C until needed.
EXPERIMENTAL PROCEDURES
Intestinal 
RESULTS AND DISCUSSION
The initial step in the mechanism of action of STI involves a receptor binding event as inferred from binding studies of radiolabeled STI to cells and membranes (30) (31) (32) (33) . Radiolabeled native toxin associates with a brush border molecule that migrates with an apparent mass of 100-kDa when analyzed by NaDodSO4/polyacrylamide gel electrophoresis under nonreducing conditions (20) . Treatment of cells or intestinal membranes with Pronase and trypsin results in a reduction of toxin binding, suggesting that the receptor is a protein (20, 31) . In this paper, we report the synthesis of a radiolabeled, photoreactive analogue of STI, termed 125I- (Fig. LA) . Specifically bound '251-STIb reached an asymptote at a toxin concentration of 30 nM, indicating that saturation of the toxin binding sites had occurred (Fig. 1B) .
Competitive inhibition of binding by increasing amounts of unlabeled toxin from 0 to 1 ,ug was conducted with 100,000 cpm of 1251-STIb and intestinal membranes (Fig. 1C) tPhotoreactive synthetic 1251-STIb. tl25I-STIb or 125I-STIb-BB (100,000 cpm) was incubated with intestinal membranes in the presence and absence of a 400-fold molar excess ofunlabeled STIb. The total, nonspecifically bound and specifically bound toxin analogue was determined as described. §Values represent the radiolabeled analogue (in cpm) bound to 20 ,ul of intestinal membranes (7 mg of protein per ml) ± the standard deviation (in parentheses) from experiments performed in triplicate.
proteins such as ovalbumin (50 ug) were tested as negative controls and did not cause binding inhibition, providing additional evidence that the interaction of synthetic STIb and STIb-(6-18) with rat intestinal membranes is specific. If the intestinal membranes and 125I-STIb were incubated for 1 hr at 370C prior to the addition of a 400-molar excess of unlabeled STIb, only half of the specifically bound radioactivity was eluted from the membranes. Thus, the binding of 125I1STIb to its receptor may not be entirely reversible once the toxin is receptor bound, suggesting that a conformational or covalent modification of the receptor-peptide complex occurs. A mixed disulfide reaction between toxin and receptor has been proposed (34) . Preparation and Binding Properties of a Photoreactive, Labeled Analogue of STIb. The N-terminal amino group of 125ISTIb was derivatized with the heterobifunctional crosslinking agent N-hydroxysuccinimidyl p-benzoylbenzoate.
The structure of the photoreactive analogue, 1251-STIb-BB, is depicted in Fig. 2 . The binding of 1251-STIb-BB and 125I-STIb to rat intestinal membranes was compared (Table 1) and found to be similar; 75% and 79% were specifically bound respectively. This result was expected since this N-terminal modification of this 19-amino acid analogue is 5 amino acids away from the C-terminal toxic domain (residues 6-18). In addition, the specificity of the 125I-STIb-BB photoprobe for the STIb receptor was confirmed by the NaDodSO4/polyacrylamide gel electrophoresis experiment described below in which the receptor labeling by the photoprobe is completely abolished by the addition of unlabeled STIb to the brush border membranes prior to photolysis (Fig. 3, lane 3) .
125I-STIb-BB Specifically Labels Two Intestinal Brush Border Membrane Molecules. 125I-STIb-BB and brush border membranes were incubated in the presence or absence of excess unlabeled STIb and subjected to photolysis. The reactants were heated in the presence of NaDodSO4 and 2-mercaptoethanol, and the membrane moieties bound by the photoprobe were identified by polyacrylamide gel electrophoresis and radioautography (Fig. 3) . Two major molecular species of approximately 57 and 75 kDa were specifically labeled (Fig. 3, lane 1) . Complete inhibition of binding occurred in the presence of excess unlabeled STIb, substantiating the specificity of the reaction (Fig. 3, lane 3) . In contrast, no major component was labeled by photolysis when 125I-STIb was substituted for 125I-STIb-BB, indicating that the toxin-receptor complex is dissociated by the conditions under which NaDodSO4/polyacrylamide gel electrophoresis is ordinarily conducted (Fig. 3, lanes 2 and 4) .
We have observed that radiolabeled STIb specifically binds a molecular species of about 140-kDa when a detergentsolubilized extract of these intestinal membranes is used and the STIb-receptor complex is analyzed by NaDodSO4/polyacrylamide gel electrophoresis in the absence of 2-mercaptoethanol and sample boiling (results not shown). Although this latter result differs from the observation of Dreyfus and Robertson (20) , the accuracy of molecular weight estimates by NaDodSO4/polyacrylamide gel electrophoresis is dependent on achieving a complete denaturation of individual proteins in the presence of NaDodSO4 (35, 36) Fig. 3 . The broad band at 75 kDa (Fig.  3) could be resolved into two bands of about 68 and 80 kDa.
In summary, we have synthesized an analogue of the E. coli enterotoxin STI that is toxigenic and can be radiolabeled and used in an intestinal membrane receptor binding assay. The analogue was coupled to a heterobifunctional photoactivated crosslinking agent. The photoreactive probe bound two molecular species that appear to constitute the STI receptor or are in close spatial proximity to it on rat brush border membranes. We are now purifying these molecules to further understand the mechanism of action of STI.
